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%Topic-'l: Electric Current, Drift of Electrons, Ohm's Law, Resistance and Resistivity
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An infinite line charge of uniform electric charge density A
lies along the axis of an electrically conducting infinite
cylindrical shell of radius R. At time t =0, the space inside
the cylinder is filled with a material of permittivity & and
electrical conductivity . The electrical conduction in the
material follows Ohm's law. Which one of the following
graphs best describes the subsequent variation of the
magnitude of current density j(t) at any point in the

material? [Adv. 2016]
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Consider a thin square sheet of side L and thickness ¢,
made of a material of resistivity p. The resistance between
two opposite faces, shown by the shaded areas in the
figure is [2010]
(a) directly proportional to L
(b) directly proportional to ¢
{c) independent of L

(d) independent of ¢

To verify Ohm's law, a student is provided with a test
resistor R, a high resistance R, a small resistance R,, two
identical galvanometers G, and G,, and a variable voltage
source V. The correct circuit to carry out the experiment is

[2010]

L G N
ifer—— [ iy

=
A piece of copper and another of germanium are cooled
from room temperature to 80° K. The resistance of

(a) each ofthem increases [1988 - 1 Mark]
(b) each of them decreases

(c) copper increases and germanium decreases

(d) copper decreases and germanium increases

The temperature coefficient of resistance of a wire is 0.00125
per °C. At 300 K, its resistance is 1 ohm. This resistance of
the wire will be 2 ohm at. [1980]

(@) 1154K (b) 1100K () 1400K (d) 1127K

The current —voltage graphs for a given metallic wire at
two different temperatures T, and T, are shown in the
figure. [1985 - 3 Marks]

The temperature T, is greater than 7.

Electrons in a conductor have no motion in the absence of
a potential difference across it. [1982 - 2 Marks]
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8.  Shownin the figure is a semicircular metallic strip that has
~ thickness ¢ and resistivity p. Its inner radius is R, and
outer radius is R,. If a voltage ¥ is applied between its

two ends, a current / flows in it. In addition, it is observed

that a transverse voltage AV develops between its inner

and outer surfaces due to purely kinetic effects of moving
electrons (ignore any role of the magnetic field due to the
current). Then (figure is schematic and not drawn to scale)

[Adv. 2020

Read the following statements carefully: [1993-2 Marks]

10§
10.

(b) the outer surface is at a higher voltage than the inner
surface

(c) the outer surface is at a lower voltage than the inner
surface

(d) AV «/?

Y:  The resistivity of a semiconductor decreases with
increase of temperature,

Z:  Inaconducing solid, the rate of collisions between free
electrons and ions increases with increase of temperature

Select the correct statement(s) from the following;
(@) Yistruebut Z is false

(b) Yis false but Z is true

(c) Both Yand Zare true

(d) Yistrue and Z is the correct reason for ¥

Ifa copper wire is stretched to make it 0.1% long what
is the percentage change in its resistance? [1978]

Topic-2: Combination of Resistances

L. Inan aluminium (Al) bar of square cross section, a square
hole is drilled and is filled with iron (Fe) as shown in the figure.
The electrical resistivities of Al and Fe are 2.7 x 10* Q m and
1.0 x 1077 Q m, respectively. The electrical resistance

between the two faces P and Q of the composite bar is 4,
_|Adv. 2015]
2475
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2. Find out the value of current through 2C resistance for
the given circuit. [2005S)

5Q 100
10V W0V
20
i

(@) zero (by 24 (c) 54 (dy 44
3. Sixidentical resistors are connected as shown in the figure.
The equivalent resistance will be [2004S]
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(a)

6. In the following circuit, the current through the resistor

cnrene €

(a) Maximum between Pand R
(b) Maximum between Qand R

(¢) Maximum between P and Q

(d) Allare equal
The effective resistance between points P and Q of the

electrical circuit shown in the figure is [2002S]
2Ry

@ R+r
BR(R+7r)

® 3R+r

(c) 2r+4R
SR

===
(d) 5 bl

The current i in the circuit (see Fig) is

{1983 -1 Mark]

R (=2Q)is Iamperes. The value of 7 is [Adv. 2015)

@g www.studentbro.in



Get More Learning Materials Here : &

Current Electricity

R(=2Q)) 10

65V |

@

In the circuit shown below each
battery is 5V and has an internal
resistance of 0.2 ohm,

The readmg m the ideal
voltmeter Vis..

Ei:ﬁ}

[1997 - 2 Marks]|
8.  The equivalent resistance between points 4 and B of the
[1997 - 2 Marks]

circuit given below is ......Q.

€ I

[.2l-].l.]:9]

9.  For the circuit shown in the fi gure
%2 R,
'; h :-

ur—= 602

(a) thecurrent 7 through the battery is 7.5 mA

(b) thepotentid differenceacrossR; is 18V

(c) ratioof powers dissipated in R, and R, is 3

(d) ifR, and R, areinterchanged, magnitude of the power
dissipated in R; will decrease by a factor of 9

2

B23

10. In the circuit shown in Figure the current through
3 20 21 [1998S -2 Marks]

20 a0 20
(a) the3 Qresistoris 0.50 A.
(b) the 3 Qresistoris 0.25 A,
(c) thed Qresistoris 0.50 A
(d] the 4 Q resistor is 0.25 A.

An mﬁmtc Iadder network of resistances 1s constructcd
with al ohm and 2 ohm resistances, as shown in fig.

s 10 10 10 1o [1987 -7 Marks]

6V

e

The 6 volt battery between 4 and B has negligible internal

20 20 20 20

resistance :
(i) Show that the effective resistance between 4 and B
is 2 ohms.

(i) What is the current that passes through the 2 chm
resistance nearest to the battery ?

12. All resistances in the diagram below are in ohms. Find the

effective resistance betwg:en the points 4 and B. [1979]

€ - MOQs with One Correet Answer

1. A battery of internal resistance 4€2 is connected to the
network of resistances as shown. In order that the maximum
power can be delivered to the network, the value of R in Q
should be [1995S]

et A A

® 2 (©

2.  Two batteries of different emfs and different internal
resistances are connected as shown. The voltage across

AB in volts is 8v 10 [2011]
'__

v 20
&l 5

3. In an electrolytic solution the electric current is mainly
due to the movement of free electrons. [1980}

True / False
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4. Inacircuit shown in the figure, the capacitor C is initially
uncharged and the key K is open. In this condition, a
current of 1 A flows through the 1 Q resistor. The key is
closed at time t = t,, Which of the following statement(s)
is (are) correct? [Adv. 2023]
[Given: €1 =0.36]

15v R

(a) The value of the resistance R is 3 Q.
(b) For t<t,the value of current I, is 2 A.
(c) Att=t,+7.2us, the current in the capacitor is 0.6 A.
(d) Fort— oo, the charge on the capacitor is 12 uC.

5.  The figure shows a circuit having eight resistances of
1 Q each, labelled R, to Ry, and two ideal batteries with
voltages ¢, = 12 Vand e,= 6 V. [Adv. 2022]

Which of the following statement(s) is(are) correct?
(a) Themagnitude of current flowing through R, is 7.2 A.
(b) The magnitude of current flowing through R, is 1.2 A.
(¢) The magnitude of current flowing through R, is 4.8 A.
(d) The magnitude of current flowing through R;is 2.4 A.
6. Twoideal batteries of emf ¥/ and ¥, and three resistances
R;, R, and R, are connected as shown in the figure. The
current in resistance R, would be zero if [Adv. 2014]

@ V,=V,andR,=R,=R,
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() ¥,=V,andR, =2R,=R,
(©) ¥,=2V,and2R,=2R,=R,
@ 2V,=V,and2R,=R,=R,

7. For the resistance network shown in the figure, choose
the correct option(s) [2012-1]

Ph2G 5

v Y A
12V; |
—II

(@) The current through PQ is zero.

() I,=3A

(c¢) The potential at S is less than that at Q.
d L,=2A

) 0 Subjective Problena L RIS
8.  Inthecircuit shown in figure E, F, G H are cells ofemf2, 1,
3 and 1 volt respectively, and their internal resistances are
2,1, 3 and 1 ohm respectively. [1984 - 6 Marks]
Calculate :
() the potential difference between B and D and
(i) the potential difference across the terminals of each
cellsGand H

9.  Inthecircuit shown in fig £, =3 volts, Ey=2volts, E;=1

voltand R=r, =r,=r,=1ochm. [1981 - 6 Marks]

(i) Find the potential difference between the points 4
and B and the currents through each branch.

(i) Ifr, isshort circuited and the point 4 is connected to
point B, find the currents through £, E, E, and the
resistor R. \
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% Topic-4: Heating Effect of Current
g1 .
1. Incandescent bulbs are designed by keeping in mind that — _.{ i
the resistance of their filament increases with the increase i i
in temperature. If at room temperature, 100 W, 60 W and W -
40 W bulbs have filament resistances R 0» Reo and R, am av)
respectively, the relation between these resistances is @ M<I<IV<I ®) T<M<IV<I
[2010] © I<IV<II<I @ I<II<I<IV
1 1 1 o 4. A 100 W bulb B,, and two 60 W bulb B, and B;, are
@) Rioo 7 E;* R_GJ (b) Rygo=Ry+Rgo connected to a 250 V source, as shown in figure. Now W,
W, and W, are the output powers of the bulbs B, B, and
1 ¢ 1 1 B, respectively. Then [2002S]
) —_— } —
R R
(c) RIM>R60 >R4{) . (d) 100 Reo 40 " ¥
2. Figure shows three resistor configurations R, R, and R, L
connected to 3V battery. If the power dissipated by the
configuration R,, R, and R, is P,, P, and P;, respectively, B,
then — [2008] @
250V
| -
10 10 '
19 [3v av @ W,>W,=W, b)) W,>W,>W,
10 T © W<W,=W, @ W<W,<W,
12 [ & 5. Inthecircuit shown in fig the heat produced in the 5 ohm
10 resistor due to the current flowing through it is 10 calories
per second. [1981- 2 Marks]
. R A
B e
@ P >P,>P ' AN
The heat generated in the 4 ohms resistor is
®) P,>P,>P, i0 10 (@ 1 calorie/ sec (b 2 calor?es /sec
v (c¢) 3 calories /sec (d) 4 calories /sec
- 6. A constant voltage is applied between the two ends of a
() P,>P >P; ( uniform metallic wire. Some heat is developed in it. The
1 1Q heat developed is doubled if [1980]
(a) both the length and the radius of the wire are halved.
@ P;>P,>P 12 (b) both the length and the radius of the wire are doubled.
Rs (c) theradius of the wire is doubled.
3. The three resistance of equal value are arranged in the (d) the length of the wire is doubled.

different combinations shown below. Arrange them in

increasing order of power dissipation. [20035) @_’3 _____ —

e e 7. When two identical batteries of internal resistance 12 each
i are connected in series across a resistor R, the rate of heat
Rt e s T i produced in R is J;. When the same batteries are connected
L in parallel across R, the rate is J,. If J, = 2.25 J, then the
s value of R in Q is [2010]

@D an
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An elcctrlc bulb rated for 500 waits at ]0(} volts is ua.ed in
a circuit having a 200 volts supply. The resistance R that
must be put in series with the bulb, so that the bulb delivers
500 watt is ..........ohm. [1987 - 2 Marks]

g 6 1 One or More than One Correct Answer

in C:r‘cmt—l and Circuit-2 shown in the figures, R, = 1 Q.
=2 Qand R, = 3Q.

P, and P, are the power dissipations in Circuit-1 and Circuit-
2 when the switches S, and S, are in open conditions,
respectively.

Q, and O, are the power dissipations in Circuit-1 and Circuit-
2 when the switches S, and S, are in closed conditions,
respectively. |Adv. 2022]

Circuit-1
Circuit-2

Which of the following statement(s) is(are) correct?
(a) When a voltage source of 6 V' is connected across A
and B in both circuits, P, < P, .
{b) When a constant current source of 2 Amp is connected
across A and B in both circuits, P, > P, .
(c) When a voltage source of 6 V is connécted across A
and B in Circuit-1, 0, > Py
(d} When a constant current sourcc of 2 Amp is connected
across A and B in both circuits, 0, < 0
10. Heater of an electric kettle is made of a w1re k‘length L and
diameter d. It takes 4 minutes to raise the temperature of
0.5 kg water by 40 K. This heater is replaced by a new
heater having two wires of the same material, each of length
L and diameter 2¢. The way these wires are connected is
given in the options. How much time in minutes will it take
to raise the temperature of the same amount of water by 40
K? [Ady. 2014]
(a) 4 ifwires arein parallel (b) 2 if wires are in series
(c} 1 llel'Eh are in series  (d) 0.5 ifwiresarein paralle]

1. A hcater is demgned to operate w1th a power of 1000 watts
in a 100 volt line. It is connected in a combinations with a
resistance of 10 ohms and a resistance R to a 100 volts
mains as shown in the figure. What should be the value of
R so that the heater operates with a power of 62.5 watts.

[1978]

100V

Topic-5: Wheatstone Bridge and Different Measuring Instruments

@ 1 Qs with One Correct Answer

1.  During an experiment with a metre bridge, the galvanometer
shows a null point when the jockey is pressed at 40.0 cm
using a standard resistance of 90 €2, as shown in the figure.
The least count of the scale used in the metre bridge is

Imm. The unknown resistance is [Adv. 2014]
et
400 cm
(a) 60+0.15Q (b) 135+£0.56Q

() 60+0.25Q (d) 135+£023Q

2. A meter bridge is set up as shown, to determine an unknown
resistance ‘X’ using a standard 10 ohm resistor. The
galvanometer shows null point when tapping-key is at 52
em mark. The end-corrections are 1 em and 2 cm
respectively for the ends A and B. The determined value
of X’ is [2011]

(a) 10.2ohm (b) 10.6chm

(c) 10.8ohm (d) 11.1ohm
3. Aresistance of 2Q) is connected across one gap of a metre-
bridge (the length of the wire is 100 cm) and an unknown
resistance, greater than 20}, is connected across the other
gap. When these resistances are interchanged, the balance
point shifts by 20 cm. Neglecting any corrections, the
unknown resistance is [2007]
(a) 3Q (b) 402 (c) 5Q (d) 6Q
A moving coil galvanometer of resistance 100 €2 is used as
an ammeter using a resistance 0.1 Q. The maximum
deflection current in the galvanometer is 100 pA. Find the
minimum current in the circuit so that the ammeter shows

maximum deflection [20058]
(a) 100.1mA (b) 1000.1mA
{c) 1001mA (d) 1.01mA

5.  In the shown arrangement of the experiment of the meter
bridge if AC corresponding to null deflection of
galvanometer is x, what would be its value if the radius of

the wire AB is doubled? [2003S8]
——
0 Xs
Ad—x —!'-(,é 5
(@) x (b) x/4
(c) 4x d 2«x
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In the circuit P # R, the reading of the galvanometer is
same with switch S open or closed. Then

[1999 -2 Marks]

Two resistances R, = X Q and R, = 1 Q are connected to
a wire AB of uniform resistivity, as shown in the figure.
Theradius of the wire varies linearly along its axis from 0.2
mmat Ato | mmat B. A galvanometer (G) connected to the
center of the wire, 50 ¢m from each end along its axis,
shows zero deflection when A and B are connected to a
battery. The value of X is : [Adv. 2022]

In order to measure the internal resistance r, ofa cell of emf
E, a meter bridge of wire resistance R, = 50 (), a resistance
R,/2, another cell of emf E/2 (internal resistance r) and a
galvanometer G are used in a circuit, as shown in the fig-
ure, [fthe null point is found at /= 72 cm, then the value of
e Q. [Adv. 2021]

E N

3

g R Pl BT R R i Al

In the balanced condition, the values of the resistances of
the four arms of a Wheatstone bridge are shown in the
figure below. The resistance R, has temperature coefficient
0.0004°C-". If the temperature of R, is increased by 100°C,
the voltage developed between S and 7 will be

volt. [Adv. 2020]

10.

11.

12.

&1 o

=

B27

s n_m P e = i

STATEMENT-1 : In a Meter Bridge experiment, null point

for an unknown resistance is measured. Now, the unknown

resistance is put inside an enclosure maintained at a higher

temperature. The null point can be obtained at the same

point as before by decreasing the value of the standard

resistance.

STATEMENT-2 : Resistance of a metal increases with

increase in temperature. 12008]

(a) Statement-1 is True, Statement-2 is True; Statement-
2 is a correct explanation for Statement- |

(b) Statement-1 is True, Statement-2 is True; Statement-
2is NOT a correct explanation for Statement-1

(c) Statement-1 is True, Statement-2 is False

(d) Statement-1 is False, Statement-2 is True

o

An unknown resistance X is to be determined using
resistances R, R, or R,. Their corresponding null points
are A, Band C. Find which of the above will give the most
accurate reading and why? [2005 -2 Marks]

R=Rl or R, or Ry

A Biind
A thin uniform wire 4B of length 1m, an unknown
resistance X and a resistance of 12 €) are connected by
thick conducting strips, as shown in the figure. A battery
and a galvanometer (with a sliding jockey connected to
it) are also available. Connections are to be made to
measure the unknown resistance X using the principle of
Wheatstone bridge. Answer the following questions,

[2002 - 5 Marks]

& BlAAACHAAA—

A B ¢ D
(a) Are there positive and negative terminals on the
galvanometer?
(b) Copy the figure in your answer book apd show the
battery and the galvanometer (with jockey)
connected at appropriate points.
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A circuit is connected as shown in the figure with the
switch S open. When the switch is closed, the total amount

of charge that flows from ¥ to X is [2007)

3uF % 6uF

W
30 6Q

¥
— |
9V
(@ 0 (b) 54pC (¢) 27uC (d) 81pC

Ifa steady current I is flowing through a cylindrical element
ABC. Choose the correct relationship [2006]

A 2r B .
=7 ! c

— ————
+ 7 12
Vag =2Vac
Power across BC is 4 times the power across 4B
(¢) Current densities in AB and BC are equal
(d) Electric field due to current inside A8 and BC are
equal
An ideal gas s filled in a closed rigid and thermally insulated
container. A coil of 100 Q resistor carrying current 1 A for
5 minutes supplies heat to the gas. The change in internal
energy of the gas is [2005S]
(a) 10k1 (b) 30kl (c) 20kJ (d 0kJ
A4 pF capacitor, a resistance of 2.5 MQ is in series with
12 V battery, Find the time after which the potential
difference across the capacitor is 3 times the potential
difference across the resistor. [Given 1#(2) =0.693] [2005S]
(a) 13.86s (b) 693s (c) T7s (d) 14s
A capacitor is charged using an external battery with a
resistance x in series. The dashed line shows the variation
of In I with respect to time. Ifthe resistance is changed to
2x, the new graph will be [2004S]
s

@ P
®) ¢
(c) R

@ s
Shown in figure is a Post Office box. In order to calculate

the value of external resistance, it should be connected
between [2004S]

(@ B'andC
(b) AandD
(¢) CandD
(d) Band D

(@
(b)

1nl

8.

31 -

10

11.

In the given circuit, it is observed that the current 7 is
independent of the value of the resistance R;. Then the
resistance values must satisfy [20018]

; Rs
R R Rj

Ly

R\R,R;=RyR R
1 1 1 f

St — +

R." R R +R, R +R,
(©) R\R,=R,R,

(d) R,Ry=R,R,=RR,

Awire oflength L and 3 identical cells of negligible internal
resistances are connected in series. Due to the current,
the temperature of the wire is raised by AT in a time ¢, A
number N of similar cells is now connected in series with a
wire of the same material and cross-section but of length
2L. The temperature of the wire is raised by the same amount
ATin the same time ¢. the value of N is [2001S]

@ 4 (b) 6 (© 8 @ 9
The electrostatic field due to a point charge depends on

(a)

(b)

the distance r as -12— . Indicate which of the following

quantities shows same dependence on r. [1980]

(a) Intensity of light from a point source.

Electrostatic potential due to a point charge.
Electrostatic potential at a distancer from the centre of
a charged metallic sphere. Given r < radius of the
sphere,

None of these

5 galvanometer gives full scale deflection with 0.006 A
current. By connecting it to a 4990 £ resistance, it can be
converted into a voltmeter of range 0 — 30 V. If connected

2n
toa ——Q resistance, it becomes an ammeter of range 0 —

249

1.5A. The value of nis [Adv. 2014]
At time #= 0, a battery of 10 V is connected across
points A and B in the given circuit. If the capacitors
have no charge initially, at what time (in sceonds) does
the voltage across them become 4 V? [Take : In5=1.6,
n3=1.1] [2010]

MO 2pF

e

.

IMQ
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12. Inthe circuit shown below, the key is pressed at time t = 0.
Which of the following statement(s) is(are) true?

13.

14.

15.

Get More Learning Materials Here : &

(a)
(b)

(c) Thecurrentin the ammeter becomes 1/e ofthe initial

@

[Adv. 2016]

\ Peer] [ oo
Key L
5V

The voltmeter displays -5V as soon as the key is
pressed, and displays +5V after a long time
The voltmeter will display 0V at time t = In 2 seconds

value after 1 second
The current in the ammeter becomes zero after a long

time.
An incandescent bulb has a thin filament of tungsten that
is heated to high temperature by passing an electric
current. The hot filament emits black—body radiation. The
filament is observed to break up at random locations after
a sufficiently long time of operation due to non—uniform
evaporation of tungsten from the filament. If the bulb is
powered at constant voltage, which of the following
statement(s) is(are) true? [Adv. 2016]
(a) The temperature distribution over the filament is
uniform
(b) The resistance over small sections of the filament
decreases with time
(c) The filament emits more light at higher band of
frequencies before it breaks up
(d) The filament consumes less electrical power towards
the end of the life of the bulb
When a potential difference is applied across, the current
passing through [1999S - 3 Marks]|
(a) an insulator at 0 K is zero
(b) asemiconductor at0XK iszero
(c) ametal at 0K isfinite
(d) ap-ndiode at 300K is finite, if it is reverse biased
Capacitor C, of capacitance | micro-farad and capacitor
C, of capacitance 2 microfarad are separately charged fully
by a common battery. The two capacitors are then
separately allowed to discharge through equal resistors at
time £=0. 1989 - 2 Marks]
(@) Thecurrent in each ofthe two discharging circuits is
zeroat?=0,
(b) The currents in the two discharging circuits at =0
are equal but not zero.
(¢) The currents in the two discharging circuits at =0
areunequal.
(d) Capacitor C, losses 50% of its initial charge sooner
than C, loses 50% of its initial charge.

Column I givés some devices and Column IT gives some
processes on which the functioning of these devices
depend. Match the devices in Column I with the processes

Y 10 8

17

18.

19.

20.

21.

B29

in Column IT and indicate your answer by darkening
appropriate bubbles in the 4 x 4 matrix given in the ORS.

[2007]
Column 1 Column IT

(A) Bimetallicstrip (p) Radiation from a hot
body

(B) Steamengine (gq) Energy conversion

(C) Incandescentlamp (r) Melting

(D) Electric fuse (s) Thermal expansion of
solids

In the given circuit, the switch Sis closed at time =0. The
charge Q on the capacitor at any instant 7 is given by
O() = O(1 — e~*). Find the value of O, and o in terms of
given parameters as shown in the circuit.[2005 -4 Marks]

_'r

Draw the circuit diagram to verify Ohm’s Law with the

help of a main resistance of 100 Q and two galvanometers

of resistances 10°Q and 1073 Q and a source of varying

emf. Show the correct positions of voltmeter and ammeter.

[2004 - 4 Marks]

How a battery is to be connected so that the shown
rheostat will behave like a potential divider? Also

indicate the points about [— 5%

which output can be taken.
[2003 - 2 Marks] ——AAANN—
A R B

In the circuit shown in Figure, the battery is an ideal one,

with emf V. The capacitor is initially uncharged. The switch

Sisclosed at time = 0. [1998 - 8 Marks]

(a) Findthe charge Q on the capacitor at time 7.

(b) Find the current in AB at time ¢. What is its limiting
valueas - w0

b R
s s AW

.
e
b

An electrical circuit is shown in Fig. Calculate the potential
difference across theresistor of400 ohm, as will be measured
by the voltmeter V of resistance 400 ohm, either by
applying Kirchhoff’s rules or otherwise.

[1996 - 5 Marks]
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©
4000
100Q 100Q 2000
l ¥
B S W — Y
100Q
I
1 10V
22. Inthe given circuit [1988 - 5 Marks]
Ry = 2R, =40hms C=5uf.

Find the current in R, and the energy stored in the capacitor.

Ry E,
— i}
€l
H H————
Ey R Ry

— f———

3 R,

23. A part of ciucuit in a steady state along with the currents
flowing in the branches, the values of resistances etc., is
shown in the figure. Calculate the energy stored in the
capacitor C (4uF) [1986 - 4 Marks]

24,

25.

26.

27.

cnrene €

Calculate the steady state
current in the 2-ohm resistor
shown in the circuit in the
figure. The internal
resistance of the battery is
negligible and  the
capacitance of the condenser
Cis 0.2 microfarad.

[1982 - 5 Marks]
In the circuit shown in figure,
a voltmeter reads 30 volts
when it is connected across
400 ohm resistance.
Calculate what the same
voltmeter will read when it is
connected across the 300 60V
ohm resistance. [1980] . .
A battery of emf2 volts and internal resistance 0.1 ohm is
being charged with a current of 5 amps. [1980]
In what direction will the current flow inside the battery?
What is the potential difference between the two terminal
of the battery?
In the diagram shown find the potential difference between
the points 4 and B and between the points B and C in the
steady state. [1979]
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Current Electricity 831

Q Answer Key

Topic-1 : Electric Current, Drift of Electrons, Ohm's Law, Resistance and Resistivity
1. © 2 (© 3. (o) 4. (d 5 (d 6. (True) 7. (False) 8 (acd) 9. (c)
Topic-2 : Combination of Resistances

1. (b) 2. (a) 3. (o) 4. (a) 3. (c) 6. (1) 7. (0) 8. (%) 9. (a,d)10. (d)

Topic-3 : Kirchhoff's Laws, Cells, Thermo e.m.f. & Electrolysis

1. (b 2. (5 3. (False) 4. (ab.cd) 5. (abc,d) 6. (abd) 7. (ab.cd)
Topic-4 : Heating Effect of Current )

1. (d) 2. (0 3. (@ 4 @) S i 6 .® T 8. (200 9. (c.d) 10. (bd)
Topic-5 : Wheatstone Bridge and Defferent Measuring Instruments
1. (© 2. (b) 3 (@) 4. (a) 5 (@ 6. (a) 7--(5) 8 (3 9. (027)10. (d)
Topic-6 : Miscellaneous (Mixed Concepts) Problems :

1. (¢ 2. (b 3. (b) 4. (a) 5 (b) 6. (b) T () 8. (b 9. (@ 10. (5)
1. @) 12. (a,b.c,d) 13. (c.d) 14. (abd)15. (b,d) 16. A—s:BoqCop,qgDoqr
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Hints & Solutions

2 Topic-1: Electric Current, Drift of Electrons,

=

=) Ohm's Law, Resistance and Resistivity

1.

Get More Learning Materials Here : &

(¢) Electric field at a distance r from line charge

E= I i{E A = linear ch density of wi
R i (A = linear charge density of wire)
A
dV =— di
2ner ;
Current through the elemental shell
=
7=l _2ner Aol
dr lx_df'_ €
o 2nrl
1 de.. Sl idr
*R=p—. . dR=p——=—
o Pomrd o 2nrl
This current is radially ciutwards,
t
f_(}u’) = ~hot = I ﬂ = _[E)Idt
dt € A -
Ao 0

=2 loe—(cfa]r
2 " (N, Aol 3 Ao
"2l 2nerl  2mer

e ( 3\.06) e—[ofa).r i Jﬁe—(m'e)r
2ner

)
(¢) We know resistance, R =p—

Here/=Landa=L xt #
t GV 7
_pL _p 5
Lxt i

Hence R is independent of L and inversely proportional to .
{c) A voltmeter is made by connecting a high resistance R, in
series with the galvanometer G,.

R

~@

An ammeter is made by connecting a low resistance R, in parallel
with the galvanometer G,.

—

R,

Voltmeter is connected in parallel with the test resistor R in
circuit.

Ammeter is connected in series with the test resistor R in circuit,

A variable voltage source V is connected in series with the test
resistor Ry in eircuit.

(d) Copper is a metal whereas Germanium is Semi-conductor.
Resistance of metal decreases and semi-conductor increases with
decrease in temperature.

(d) Resistance increases with temperature as

R, +Ry(1 +oct)

Ri=Ry(1+ar) =1=Ry[1+0.00125 x27]

Ry=Ry(l +aty) =2=R,[1+0.00125 % 1]

Solving we get

1,= 854°C = 854°C +273°C=1127K

True, From the given voltage, current graph

gL
Slope of graph = — = —
pe of grap V R
: 1
= Resistance, R= ————
slope of graph
(Slope)7, < (Slope)r, .. (Resistance)r, >
(Resistance) =¥
For a metallic wire, resistance increases with temperature,
o Iy > T,

False, Due to thermal energy, electrons in a conductor are free and
have thermal velocities. The electrons have motion in random directions
even in the absence of potential difference.
(a, ¢, d) Resistance of elementary strips

Rz
1 (
tdx i R,

f—-= Lo SERRLIE S
dp Rlpmn{ R =mp R

g = [=—=

R R > =p
tin E; P
R,

Hence option (a) is correct.
And, for circular motion of electron, AV develops

Inner surface at higher potential so that electric field develops
radially outward.

So option (b) is correct.

Resistance, R =

mV? T
d _gE=>E=—A1
r qr
3
E= 2?]2
n“e"A gr
1
- Drift velocity, V, =———] ;
( BN neA ¥y

AV:IE.&? or, A‘Jocvdz LAV I?

Hence option (d) is correct.
(¢} The conductivity (o) of a semiconductor increases with
increase in temperature i.e, the] resistivity (p) decreases with

increase in temperature as p = ; z

@’E www.studentbro.in


H2O TECH LABS
Rectangle

H2O TECH LABS
Typewritten text
Hints & Solutions


B132

-

4.

Get More Learning Materials Here : &

In a conducting solid, the collisions become more frequent with
increase of temperature.

As we know, resistance, R = pg

And V=Al= A= E;—(V= volume of wire)

2
_ol ol
Vf =S
Here pand V are constant .. R oc 12 AR
Percentage change in resistance -R— x100 =2

(Yachange in 1) = 2(0.1%) = 0.2%

Topic-2: Combination of Resistances

: . !
(b) As resistance of wire, R = Ip}

_ PreXlpe 107 x50x107 25 o4
Fe AFe 4)(]0_6 2

puxly  27x108x50x107 2750
RS AY e aie s g e 107
=03x104

As potential difference across both resistors is same, so they are
in parallel combination.
R, % RA; 1.'2.5r>¢10"4 x0.3x107 _ 1875

===
Rrp= Ry +Ry 12.8x107 64

(a) The cumrent in 20 resistor = zero because it is not a part of
any closed loop.

10VT S0 Loy
i 100
AN
0

(¢) Given resistance of each resistor R’

5 4 3
Rpp =—R, =—Rand Rpp =—R
po =7y RRor =13 S
RPQ is maximum.
(a) The circuit above and below the axis POQ symmetrical

and represents balanced wheatstone bridge. Hence the central
resistance 2R is ineffective.

2R 2R

P Q
2R 2R 2R 2R
Therefore the equivalent circuit is redrawn as follows.
1_1+1 I rees2R
Rpp 4R 4R 2r 4Rr
el 2Rr
- o
(c) In the given circuit,
L ! B : = o R =200Q
Rq 30 60 30x60~ "
Current in th it, I= Lo i“LA
urrent in the circui Z-20-10

6.

7.

9.

cnrene €

Physics

(1) In the figure (a} no currem ﬂows through 80 resistance

: 1
% %%%

6.5V

S

0

120 40 ix6
e"-3+6-2'Q

(a)
Again the equivalent resistance of balanced wheatstone bridge
fig (b) no current through 100 resistance.

L _6x18 9
b ) | 2
Wt " ——» Balanced
AT "._ wheatstone
I 0 0 i
6.5V 100
§120 F40)

(‘b) fhasanet” H
Therefore the current through the resistor R = 202
¥ 6y , 65
I= E = 9 =—=14
24 3 6.5
(0 V) Here in the circuit 8 batteries each of 5V therefore, net emf
of the circuit= 8 (5V) =40 ¥
Internal resistance of each cell, r = 0.202.
Net resistance in the circuit=8 (02 Q) =1.6 Q
Current flowing through the circuit,
40V
= ——=250A
1.6Q2

Hence voltmeter reading
V=E-IR =(5V)-(25A) (0.2 Q)
=5V-=5V=0

R
(?j All the three resistances 2R, 2R and R are in parallel as

shown in figure.

1 1 Yot Lodea R
Hence, T e R B R e et P T e
R 2R 2R SRR 2
2R
VAN
A 2R B
e VWAV
R
AN
(a,d)
~ zkn EERI ‘Ill EERl
e 1) 12 = —/
= ‘-%‘4 24V =
6k Q 5;32 E-;._' _:':Rp
> .:L__l
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8133
_BxRy G215 9 -
£ R,+R;, 6+15 175 RB!?=I+ S
2 19 clo 10
o R =Ry +R,=2+ —— =3.24Q 4 oo AR T YoqpHay.
(a)f—E:%mA 7.5mA ! . : : Pt
red 2xR
- 1+ =
R 1.5 R+2 ' ;
L = : e = R+2+2R=R*+2R = R2_R-2=90
.5 [RL+RzJI_[l.5+6]ﬂ'5_LSMA = Rz-',;'.R+R—2=G=} R(R-2)+1(R-2)=0
S A =Ip ~Ip, =7.5-1.5=6mA = [R+1][R -2]=0 = R=2Q.

(b) Potential deTerencc across load
VRL = (IRL )RL =6x1.5=9F
(¢) Ratio of powers dissipated in R, and R,

2
PR, _ (7a,) & (P

2 2
PRy (;RZ) R, (15) x6 3
(d) When R, and R, are interchanged, then
R?.RL =2X15 ékg
R2 +RL 35

Rp=

6
Rym=6+Rp=6+ ?kQ
Now P.d. across R,

‘ 6/7
v =24[ ]=3V
&E 6+67

3
i.e., Now -potential becomes —=

— rd. Therefore power
o 3 e

2
v
dissipated P = o P V2 will decrease by a factor of 9.
(d) Here net resistance of the circuit = 9.
. Current drawn from the battery,
v 9
i= —=—=1A = current through 3Q resistor

3Q A

< FN & "
B

Potential dlﬂ‘erencc between A and B
Vy~Vp=9-1(3+2)=4V=8i,
S =05A oip=1-i=05A
Similarly, potential difference between C and D
Ve=Vp=(V = Vg ~ir2+2)
=4 -4i,=4-4(0.5) =2V =8i,

f=025A . iy=iy—iy=05-0.25=025A
(i) In case of infinite ladder of resistances, the effective
resistance, remains same when one identical item is added or
removed from it.
Effective resistance between points C and D be R then the circuit
can be redrawn as shown
Effective resistance between 4 and B

6
(i) Rp=10+10=2Q . Lig= E=3A

!CD igp 8s resistances RCD = REF

iep=ipp 5= 1.5A

U_‘a'ﬂ 30N
L ey
aq

Hence resistance between A and B, R =20
Topic-3: Kirchhoffs Laws, Cells,
Thermo e.m.f. & Electrolysis

E—J

1. (b) The equivalent circuits are shown in the figure.
A

4R

Wheat stone
Bridge
The circuit represents balanced Wheatstone Bridge. Hence no
current will flow across 6R £ resistance

R IR IR
)
— L
400
E
E 401

1 1 1 (BR)(6R)
—_————— 3 —r 4 = ——
Req 3R 6R 7 (BR)+(6R)
For maximum power, R ol = Ry ternat
2R=4Q - R=20Q
2. (5) Leti be the current flowing in the circuit. Applying
Kirchhoff’s law KVL in the loop CDEFC
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-3-2i-i+6=0 =3i=3
Li=1A i

oo [N F
Now for upper or lower path ™ 1T

Iy
V,-6+1x1=Vy e o
LV, ~Vp=5V 5 1} bl
or‘VA—3—2Xl=VB 30 2Q i

V,-Vp=5V

False, In an electrolytic solution, the electric current is mainly
due to the movement of ions not electrons.

(a,b, c,d) From circuit diagram, voltage drop across 1Q
resistance

V=5+1x1=6V
15V R i
—
EAAS To 1A
A— —W——————v
"“l"'_ -

II
15-I1xR=6=1R=9
Across 3Q) resistance, 6-31,=0
S =2A
Therefore for t < t, the value of current I is 2A.
By Kichhoff's current law,
I=14]1 =T1=1+2=3A
+[R=9=3xR=9=R=3Q

55 10
S T e B
e BRI LR s ok
_+_+_
L ]
Q= C ¥ V=2x6=12uC
saq=6\f re:q=0'6

I AAAA
'_"'h— YV

S e

Current in the circuit i = 3_(}6;

e g
Therefore, options (a, b, ¢, d) are correct.

(a,b,c,d) Here we have folding symmetry, so circuit can be
redrawn as

7.

By mesh analysis:
In circuit ACO
0.5; + 0.5(1; —ip) +i;j —6=0
0.51; +0.5i; — 0.5i, +i; — 6 = 0
2i; - 0.51,= 6
8i, —2i, = 24 i)
In circuit ADO
05i,+1 %1, —12+0.3 (i,-i)=0
2i, — 0.5i; = 12
from (i) and (ii), we get
7.5i, =36
ij= ﬂ =4.8A
1.5
So, current through "R’ =i, = 48 A
Putting i, = 4.8A in (ii), we get
2i,-24=12
2i,=144=0,=72A= Current through R, =7.2 A

(i)

g oyl
0, current {hIOlIgh R2 —"'—2‘— = l.ZA

Current through Rs = -IZL =24A

(a,b,d) No current is flowing through resistance R,.

Applying KVL in loop

Vl —iR.l +V2 = IR3 =0

: Vl =+ VZ

wh= (i)

Rl +R3

Applying KVL in loop BCDEB

=%
Ry

Vl = Vl +V2
From eq. (i) & (i1) El'_ R, +R,

vi—iRy =0 . i (i)

ViR +V Ry = ViR, + V2R1
= V|R;=V,R,
IfV,=V,thenR, =R; =R,
fV,=V,thenR; =Ry =2R,
lf'\!1 =2V, then 2R, =R,
If2V, =V, then R; = 2R, =R,
(a, b, ¢, d) Resistance of arm PQ and ST becomes ineffective as
P & Qand § & T are at the same potential. The equivalent circuit
is as shown in the figure.

The resistance of the upper arm
R =20+2Q+20Q =6Q
The resistance of the lower arm ; 120
R, =4Q+4Q+4Q=120 | ' &

Equivalent resistance of the
circuit,

12V
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Current Electricity B135

1
R, = RiRy o (GQ)[12Q) =40 Internal resistance of equivalent battery = EQ
q
Ri+Ry  6Q+12Q C Va=EiB gl
 jeit o =[ 2 ]x3=2,4 2 i e
Pl 24612 1
f3=fl—)'2 =14 i2=Vg-VA+Ez=-—2+2=O
Potential difference across 4 and P, L) !
Vy-Vp=1I,x2Q=(24)(29) sidi= Vp-Vy+By 24%_ .,
12V —Vp =4V or Vp =8V 3
Potential difference across 4 and O, (ii) If r, is short-circuited then resistance of this branch in
VeV =13 x2Q=(14)(4Q) s
4]

P Q
12V -V =4V E,
V = -— =

0 12V. 4V =8V > = i
Potential difference across P and §, ; ?
3
Vp—Vg =(24)(2W) =4V 1( Rl ) E, S
SV——VS =4V:?Ifs =4V
LV <P, 0 Applying Kirchhoff's law in PORUP starting from P moving
8.  Applying Kirchhoff's voltage law KVL in loop BDAB clockwise

F2(L-I)+1+1x1,-2+2L,=0 Iin—Ey+E;=0 or ,-3+2=0 . I=1A

Applying Kirchhoff's law in URSTU starting from U moving
clockwise

~Ey+Ey-Lpy=00r-2+1-0,=0 .. [=-1A

Here — ve sign of I; indicates that the direction of current in
branch UTSR is opposite to that assumed.

Applying Kirchhoff's law in AURBA starting from 4 moving
clockwise.

G+ L+L)R-Ey=0 or (1+L-1)R=2 .1=2A
Hence, current through R, = I, + 1'2 thL= 2A

= 2~5L=-1 e (D)

ﬁ Topic-4: Heating Effect of Current

Applying Kirchhoffs law KVL in loop BCDB, we get =)
-2,-n)+1+L-3+3=0 2
= 3 -L=1 . @) . 1. (d) Weknow power P=?
e S 1
Solving eq. (i) and (ii), we get [, =6/13 Aand /, = 3 A .. For a constant V at a particular temperature P %
(i) Potential difference between B and D, 1t is given that the power of the bulbs are in the order
% 6 ) 100W = 60 W > 40W
VB‘%[E_E}XZ=VD VB'_BDEEV 3 1 - 1 % 1
6 39-18 21 Rigo Rgo Rao 5
(i) p.d. across G= 3— _13 x3= 3 = ﬁ v 2. (&) Weknow power, P= _R_
[ the cell is in discharging mode] 1
& 19 And V is constant in all three cases .'.PQ:E
pd.across H=1+1x E=‘1§V Case (i)
[ " cell is in charging mode]
9. (i) Since no current is taken from the battery 10 ia
B A5 G e 20=310
o e it 10 10 3
7 (¢ Jestee o A
[% o %/1” = {/’) This is a case of balanced Wheatstone bridge R, = 1Q
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Case (ii) VZ
1 1Q and Wy = =
e (om0 250)2
10 5 WS . W2 . W] ( ) ( ) 2 R2 { ) 3
Ry (Ri+Ry) (R +Ry)
1 —l+l+l:;,R m,z_ul 5 or Wi W, W,
BE2 12 42 JLC- L NPV | S e -
Case (iii S : 2 60 2
™ ‘ [----‘--—+i] vt [L+i] 74 x1000
100 60 100 60
10 10 or Wi: Wy W,
= 20§ 20 100x100x60x 60 100 x100x 60 x 60
1 10 _64 s 16016060 " 160x160x100
1Q #1(1 Therefore W <W,<W 43
c Here,f x 5 1 +6)
Thus Ry = 2Q & 1 % 60
Smce,R 2 <R, 4R§ LBy PPy _,_MA_/vV\_,__
3. (@) Aswe knew, P=IFR I
Here I constant . P oc R o 'T’
S A AN ——IMA— = S V——
b oA |
b R R PRV 1 50
Power dissipation, P, = I?(3R) = 3/°R ! I
3 b Lh=2y= =
= Y e Heat generated in 5 resistance per second 112 x5
: 3 Heat generated in 40 resistance per second 112 x4
e £ Wi
4
i o[ 2R 2 10 10
Power dissipation, P, = I{ —3 =0.67FR :>H' 49=5=>Hin4£1=—5-=2calfs
m
WR .. Heat generated in the 4Q resistor = 2 calories/s
5] A = A (b) Heat produced per second
I R RI3
2 [l
S| 4 Fibpl Ve Sl I
R H=— and R=[-=F> - s ivy
Power dissipation, Py = P (R!’ 3) = 0332R R A qr p
w2\ 2 2
- AN or H = -ji r— or Ho—
] R I 3pn p 1k {
R Thus heat developed (H) is doubled if both length (£) and radius
S 2 3 R 2 (r) are doubled.
Power dissipation, Py = 1°( 5 )= 1.5 FR 4)  Cells connected in series
SM<O<IV <l R
V2 Vz _"‘\r‘*‘r‘v ‘‘‘‘‘‘‘‘‘ \
4. (d) Asweknow,P= — ' R=—
R P — 1
V2 VZ =
oy 100’R2 7 i
R, A= e P ———
H%“—*ﬁfwv‘——_ e Wi E E 2E
1 F 2E 2
— VR, p= FR .
g = TR, JI—IR_[ZHR] .
R, Cells connected in parallel
~—250V — R
it _(2507° AW :
I e WAV
R! R3
| A = 1
V=250V B r
Ja e Wiese S | e —
ot e | 2 .
R RARYT R R+R) g ;
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Current Electricity B137
E V From eq. (i) and (i) t, = 2 min,
Jy= I*R= - %R When resistance are connected in parallel
R+ e RRy R R/ R
o sistan -_————— e e ——— e
5 Iy =2281, (Given) ORI GR, R, 2 B
2E) E? :
—(——}—2,1‘2 =225 R o H=——xt, (i)
(2r+R) (R+£)2 R/8
2 From eq. (i) and (iii) t, = 0.5 min
Bl Rt 1. Resi f the h -ﬂR—Ei-moxmo—wn
(2?‘+R)2 = 7 ¥ esistance of the heater coil, R = ) T 100 -
R +5 Voltage across the coil of heater if it operates with a power

= 4R+05P =2252+R} [r=1Q]
=2(R+05)=15@2+R) ~ R=4Q

8.  (20) We know, 200 R
y 7 Bulb |
Power P= —
R o
» 200V
Vv 100 %100
b~ B 500 e

This would be possible only when R =20 is in series with the
bulb resistance (Ry, , = 20€Q) because in that case both resistances
will share equal pﬁ of 100V each.
9. (e, d) When both switches are open
16 6

Reqi = ﬁg, Reg2 =1_19
SO, Reql > Raqz v2 l
A
e
For voltage source ch Req

= P <P, = (a)is correct.
For constant current source, P = i Req
= PxR
= P;>P, = (b)is correct.
When switch is closed
-5 1
Roagi =—Q, R ;5 ==Q
eql 11 eq2 2
So, R‘Eql < ch,
For voltage source
\'& 1 ‘
P=—=Px—=Q; >P = (c)is correct
R R :
For current source
P=P#R =P «R= Q, <Q,= (d) is incorrect.
10. (b,d)Heat produced, H Vﬂt Vz><4 (i)
; a uced, H=| — [t=—x4 ..(
,d)Heat p L Z J =

I 4pl
where R = p— =—2
A gd? .
‘When resistances are connected in series
4pl B R
; i = =2 =2x—=—
Total resistance = R + R, [4:‘:&12 :’ 3 3
2
< H= %1y (i)

R/2

P'=625W

7'= VR xP'=/10x62.5 = /625 = 25
Since the voltage drop across the heater is 257 hence voltage
drop across 102 resistor is (100 — 25) = 75V.
75
Current in the circuit, = [ = R 10 =954
This current divides into two parts. Let /; be the current that
passes through the heater.
V= I} R=25 =6x10 . 1, =254
Thus current through resistance 'R' J; = 7.5 - 2.5 = 5A.

4 B
F'H”W“—'H Heater ,L
10Q

R

e
W

s ey szt B s e 4]
100V
From Ohm's law resistance across resistor R,

V=, xR=25=5xR  ~R=5Q

—ETJ Topic-5: Wheatstone Bridge and Different
=) Measuring Instruments

1. (c) Incase of balanced meter bridge
X Loip
7100~ Given: X=90Q, /=400 cm
_ M xR e
1001/ 60
AR Al A(IOO—I} AR 0.1 0.1
L= —————— o —=———
R ) 100-{ 60 4 60
S AR =0.25Q
Therefore, R = (6010.25)9
2. (b l'_"__'_'I
X 100
A B

€—— 52 cm —>€—48cm—>

P (R
Applying balanced wheatstone bridge condition _Q- o E
X_10
by &

Here £] =52 + end correction = 52 + 1 = 53 cm
£, =48 + end correction = 48 + 2 = 50 ¢cm
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X1 sy
o35 ¢ X::—-5—=10.6§!

(a) When the bridge is balanced x > 20

SN
Applying balanced wheatstone bridge condition, 0 =3
R=2Q x X R=20
S T e 801 —
@®
e e (| —————
B
ROTE
£ 100-¢
200
or, 100R-R{=/F{X or, 200-2/={Xor, f=——
X+2

When the resistances are interchanged the jockey shifts
20 cm.

X .o
£+20 80-¢

200)
= = | —lX+2)+40
or, 80X=f(X+2)+40 [X+2( )

=SR0X-4X=2/¢+40

, A= ——==30
OF, X 30

(a) Here,fg=100><l(}‘6A; G=100€; §S=010Q

—Ib——bg—@»———

Using IgG = (I—Ig) 0y
I=1

[EHJ =100x10‘6(@+1]
i\e 0.1

or, I=100x 1075 x 1000.1 = 100.01 mA
(a) In case of meter bridge at null point

L e LML e
R, Ry CB 100-CB
LI.;
n

R, Ry

e
A R a B, B
If radius of the wire is doubled, then the resistance of AC will

R
change andalso the resistance of CB will change. But since R_] does
2

not change so, 40 should also not change at null point, Therefore
A

the point C doesc ﬁot change.

(a) Since the opening or closing the
switch ‘5™ does not change the reading
of galvanometer it means that in both
the cases there is no current passing
through S. It is the case of balanced
wheatstone bridge. Thus potential at A
is equal to potential at B,

alp=lpandIp=1I,

A C .
k- 50 cm *’ Sﬂcm‘}_‘,
F0raﬁustum.R=-F-)—f—andrm=a—tt—,
nab 2
Plp
So,R,~=

A€ n(ary)

e ke rincipal
CEB nEb’ v wheatstone bridge princi
ﬁ:&&g:&=2=i=5
R2 RCB 1 a 0.2
So,R, =5Q
(3) Here null point is at 72 cm
i ‘RO ED
| —+0.28 =
(Fvoasn -5

E "o R2
gD T ?E.Q
A > —>
- ! _—, 28cm
72 cm
= ix(].?’SJ‘io=-{?2R
e .
2‘><0.78R9 r]"’ZRO

or, r+ 15 R,=1.56 Ry
= =156 Ry~ 1.5 Ry=0.06 R,
r; =0.06 x 50 =30
(0.27) According to question, resistance R, has temperature
coefficient, o = 0.0004°C!

And temperature is increased by 100° C ie., AT = 100° C
Ry =R, (1 + aAT) =300(1 + AT)

& Ra=3120
L R=60Q 1, R=100Q
— €AW AN
St 50 T
-
TR ey VW —
& =3120 "= " R=5009
HETE, I] = b -_-ﬂ and 12 =_.._V = ﬁ
R;+R; 372 R, +R, 600
V- V; =3121, - 5001,
&N www.studentbro.in
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50 500
=312%x—-50x— = - =
i 372 600 41.94-41.67=027V

Hence voltage developed between S and T = 0.27 Volt

10. (d) When the temperature of metal increases; its resistance

11.

12,

Increases, Rr =R, (1+x<f)

(Unknown resistance) (Standard resistance) 2.
X S
N
f 100 = § ———

Q_J
For a meter bridge at null point or at balanced condition
X S 54 [

£ 100-¢ s T100-1
1
For null point 'J' at same point or, 304" - to remain
1

X
unchanged, ? should also remain unchanged. Hence if X is

increasing then standard resistance 's' should also increase.
Position-B of null point gives most accurate reading, Null point
at B is almost at the cenire of resistance wire wheatstone bridge
is most accurate when all the four resistances of the four arms are
of the same order of magnitude.

In case of balanced wheatstone bridge condition, — = ._R_
(a) No. There are no positive and negative terminals on the
galvanometer, Whenever there is no current, the pointer of the
galvanometer is at zero.

b
® B X &
= D
12Q

. 12
(c)*. Bridge is balanced LT 0.6p 120
Rjp 04p X

where p is the resistance per unit length,

-
—

3.

R=R0 4.

5—] Topic-6: Miscellaneous (Mixed Concepts)
=) Problems

o

(¢) When the switch S is open, total charge 0, + 0, =0
CV,+CV,=03 %6+ (-6 x3)=0. When the switch is closed and
steady state is reached, the current / coming from the battery is

9=1(3+6) = I=14 (+V=1IR)

Potential difference across 3 resistance = 317

8139
Potential difference across 62 resistance = 6V
p.d. across 3 pF capacitor = 3V
and p.d. across 6 pF capacitor = 6V
Charge on 3 pF capacitor @y =3 x 3 =9 uC
Charge on 6 WF capacitor 0, =6 % 6 =36 uC
. Charge flows from y to x =36 ~ 9 =27 pC
(b) As both wire of same material .. 1, = Ipc
A 2r B C
e o e |
>1 mr
= B
e i T
0
O pz[n x4r?] 1
@ Y4B _lasRap _Ryp ==
4

Vec IpcRgc Rpc o

2Amr?)
v
"'VABZ_—_‘:C
AL
(b) Pac _I’Rpc " Amx4r’] 1
PAB ‘IZ‘RAB p £ 4
Anr?]
Pyp=4Ppe
ol
J 42 1
© };‘*i:———“xfr =—; sJdge=4p
mxr
J [E&]
AB /2 1
—42. = =—; " E,.=4E
(d) EBC VB;C 4 BC AB
/2

(b) Here, change in internal energy = heat supplied

ie, AU=0=FRt

=1x1x100x5x60=30,000J=30kJ

(a) At any instant of time ¢
fransient current in the circuit

P =
I= —Qe o] ", Potential
R
¥ =
Vo= [Foe u’RC}XR
=VDE-HRC

during charging process, the

difference across resistor R

(i)

Potential difference across C

4 ~RC _
V,= Vy— Ve 'RC = ¥
Ve =3Vp

(1- 7RG (i)

Vn(l—e"mc] - 3V0.e‘”RC

= I-ePl=3,%C =
Taking log on both sides

1 = 4¢RC

t
log, 1 =2log,2 + (“——)
e i T

Get More Learning Materials Here : & m
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)
= 0=2x2303log; 2~ —
v AT
= 1=[2x2303log,;2]*2.5x 105 x4 x 105 01,1 =13.86 5
5. (b) Cumentin RC circuit, = [e ¥RC

t i £ ’
o Inl=Inly- —— or Inl= [-**] +nly i

RC
—t j EOJ
=|—|+in| —
i [RC) (R
Comparing with y = mx + C

Int: t= [EO] and slo !
e 07 S gl T

So, when x is changed to 2x then slope increases and current

becomes less. Hence new graph is Q.

6. (b) Post office box is also works on the principle of balanced
wheatstone bridge use to measure unknown resistance. Total
external resistance will be the total resistance of whole length of
box. It should be connected between A and D.

- T.  (¢) As the current I is independent of Ry, it follows that the
resistance Ry, Ry, Ry, R, and R must form the balanced
Wheatstone bridge. .". i’l Ry= RyR,

8. (b) LetR be the resistance of wire.

3r)? p2
Energy released in ¢ second, H = Txt Sl = ?r

op? - :
Also, H= mcAT = xt (2 H=mcAT) e (1)

Let R' be the resistance of the wire of double length ‘27’
Now energy released in t-seconds

2
e B (v Recl)
2R
Also H' = m'eAT = (2m) CAT
Ny?
2R
Dividing eq. (i) by (ii)
meAT _ V2xt/R 1 9x2
2meAT  N2v2¢/12R O 2 N2
or, N2=18x2 . N=6

2 mcAT = xt v (i0)

13.

1 1 0
9. (a) Intensity of light, / o« —5;V o ;;V «<r
el

I1-1 V
- 10, (5) me( 3}5:-_—3
\ Ig Ig

15-0.006 2n 30 _ 2490 _

Xe—=—dq99() .. n=——=
0.006 249  0.006 498
11. (2} The equivalent circuit of the given circuit is as shown below.
R = IMQ, C = 4uF 14,
». The time constant
T =RC=4 sec

Potential across 4uF capacitor W]

at any time °t’

—t
V=Vu[1—91] ' 15,

:4:10[1—5] | —

. Physics]

— 1
=t=)g=>e /4=0.6=}

Taking log on both sides,

t
3 n3—/Ins ::>t=4(€n5—€n3) =25

(a, b, ¢, d) At t = 0, i, As soon as the key is pressed,
Capacitors act as short circuit and voltmeter display reading,
-5V

At t= oo, ie., after a long time of key press, Capacitor acts as
open circuit and no current flows through voltmeter (' very
high resistance of voltmeter) so it display +5V.

q= 2CV (I—e_}ém)_ 1 =Xe_ﬁ
R
s b U e
= CV(l—g /%R i,:—e 2CR
q2 ( ): 2 2R

CcV; [ L2
=—L xR+ —= =V |1-2e"R |y
AY=—% 2C
i.e., At time t = In 2s voltmeter will display reading 0 V.
i S
At lgeo, d= =2 ]:'.'l=loe"
€

Le., After s current in the ammeter becomes — of the initial
&

value.
After a long time no current flows since hoth capeitor and
voltmeter do not allow current to flow.
(c, d) With the use of filament and the evaporation involved, the
filament will become thinner thereby decreasing the area of cross-
section and increasing the resistance. Therefore the filament will
consume less power towards the end of life.

2

As power, P= %or,P o %( V = constant)

As the evaporation is non-uniform, the area of cross-section will
be different at different cross-section. Therefore temperature
distribution will be non-uniform. The filament will break at the
point where the temperature is maximum.

1
When the filament temperature is higher [7&,, o F)’ it emits light

of lower wavelength or higher band of frequencies.
(a,b,d) Since current passing-through an insulator and
semiconductor at 0 K is zero when potential difference is applied
at OK an insulator does not permit any current to flow through it.
At OK a semiconductor behaves as an insulator.
In reverse biasing at 300 X, a small finite current flows through a
p-n junction diode.
In case of metal, the current flowing will be very-very high because
a metal becomes super conductor at 0K,
(b, d) In R.C. circuit, discharging current

I= foe-b"RC

Get More Learning Materials Here : m &N www.studentbro.in
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16.

17,

18.

Get More Learning Materials Here : &

—i }E’z__
Initial current [, = E L—-—l £

v
As V and R for both capacitors are same so, m¥m1 discharging
current will be same but non-zero.
Also, g = g,eRC

,
iy

“ﬁlenq=%0—thmq?ﬂ=goe‘mc

or e"RC=2 = ¢=RClog,2 .. tx C.
S S
i e 0,50 on, 1y = 0.5
I Cz 2 i, 2

Hence capacitor C, losses 50% of its initial charge sooner than
C, losses 50% of its initial charge.
A-os
Bimetallic strip is based on thermal expansion of solids i.e., =/,
(1 +af) .
Bog
Steam engine is based on energy conversion.
C—opq
Incandescent lamp is based on energy conversion L.e., electrical energy
into light energy and radiation from a hot body.
D—->gr
Electric fuse is based on melting of the fuse material which in
turn depends on the heating effect of current.
Given 0 = Q1 - ]
Here ¢, = maximum charge and
1 1

= =
Te CReq
Now the maximum charge
Q, = Cl¥;] where ¥ = max potential difference across C

=C ¢ XR2
R +R,

v
Here is the steady state current through R,.
R+ R

RR
And t(_,=CReq =C‘: 12 ]

Rl - Rz
(+ Ry and R, are in parallel combination)
e N
Te CRIRZ

To verify ohm's law, the circuit diagram is as shown below.
An ammeter is a low resistance galvanometer which is connected
on parallel with the resistance and voltmeter is a high resistance

galvanometer which is connected in series with the resistance.
Ammeter
Voltmeter
T
F1ua

ARA
WWAAWAAA—T

B,
Variable DC voltage

19.

20.

21.

8141
For rheostat to behave like a potential l A5
divider, battery should be connected A

across 4 and B. Output can be taken across R

the terminals 4 and C or 8 and C. W

A

According to question, capacitor is initially uncharged and the
switch s is closed at times ¢ = 0

Let at any time ¢ charge on capacitor

C be Q. Let currents are as shown ]
in fig. Since charge O will increase
with time 7

4 l C
L= -‘:—g B Z
(a) Applying KVL in the loop MNABM
V=(i-i)) R+iR

or V=2iR-iR ... ()
Similarly, applying KVL in loop MNSTM,

V=J‘]R+ %"’IR "’(]’i)
Eliminating i from equation (i) and (ii), we get
v+ 22 . 20
V:3llR+—C“ or 3‘]R=V_“'E_
! 2
or i= “(V——Qj or E’Q=L(V_§)
3R\ C PO L
g _ dt @ 4. ol
or ( ZQ] = IR or ID ( ZQ) I03R
V-—= |/ s
c C
or, 0= %(1 S e—ZrBRC)
- dQo _d|CV( sk
= '1=E_dx[2(l = )
OV 2 L unkc _ ¥ uire
2 3RC 3R
From equation (i)
V _2%13rC
ViR T3¢
Wz = ;. Current through 4B
2R 2R
y 4 ¥ 2i3re -
b e i b E S 0N SRC
2 1
2R R
F . ¥ Sawpe gy ¥
=U"3R &R : ori,= ——ast—®

We can redraw the circuit as follows. This is a balanced wheat
stone bridge.

Equivalent resistance between
Gand D

=2000)
GD 400 + 400
Ree _ Rep
Rgp Rpg

@’g www.studentbro.in
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22.

23,

Get More Learning Materials Here : &

condition of balanced
[wheat stone bridge )
Equivalent resistance across G and B
1300 x 300 TN |

e e 1S = —— ==
Re5~ 300+ 300 S B 156 15

Current — further divides into two equal parts at M.

Hence potential difference across the voltmeter

I 1 400 20
Va=l==%4) =—x——=="'=66IN
& 4 15 % -3
RE6Q o E=6V
AN i
= Al J :
S5uF=C i, | It &
Er——ww— % —493
v-g, 2~ g
by 2
—
D pa3v  RFQ
Applying Kirchhoff's law in loop ABFGA
6—(iy+i)4=0 .. )

Applying Kirchhoffs law in loop BCDEFB
i, X3-3-2+20 +(i, +1|}4 g1 56D
Pultmg the value of 4 (i, + 12) 6 in eq. (u)
3iy—5+2i,+6=0
1
i’z =% -EA
Substituting this value in eq. (i), we get

1
iy =15- [—;J =174

Hence, current in Ry = iy +i,=1.7 - 02=154
Across the capacltor potential difference,
Vg-2-02x2=Vg . Vg— V=24V

Energy stored in capacitor, U = -2—CV2

1
=57 5%x106x (242 =144% 1071

Applying Kirchhoff's first law, at junction M, and P current i
= 34 and i, = 1A respectively.

At steady states, no current flows through capacitor
Moving the loop along MNO to P
Vayg=5xi—1 x| —2xiy=Vp
VM Vp=6i +2a2—6><3+2><1—20 v
V= 6><3+2><1-20V
Energy stored in the capacitor
1

1
U=-2-CV2=-2-><4>< 106%20%20=8 x 1074]

24.

23.

26.

27,

Resistance of 202 and 3 are in parallel

3=l.2§2

Redur™ 53

6
Y
1.2+2.8

2!1 =31{2§‘r2 =§

Net current through the battery, I =

. P,d is same .".

.IJ'|+12 =f|+2[| =13

Given P.d. across the 400 € resistance = 30 V.
. P.d. across the 300 Q resistance =60 — 30/ =30 V.
As the voltmeter is in the parallel with the 400 € resistance, so
their combined resistance
; 400R

(400+ R)
Here R'= 300€), as the potential difference of 60 ¥ is equally
shared between the 300 Q and 400 Q resistance.

400R
00 =—— = R=12000,
(400+ R)

i.e., The resistance of the voitmeter, R = 1200€). When the voltmeter
is connected across the 300C) resistance, their combined resistance

BT = 300R A 300 %1200 = 2400
(300+R) (300+1200)
. Total resistance in the ciruit = 400 + 240 = 640 Q

Current in the circuit

yoowE 3

=— =—4 . i
R 640 Q H Voltmeter reading

= Potential difference across 240 C) resistance

e I] EEXI.S =09A
5

(Here R = resistance of voltmeter)

3
== n=—x240=22.5V
IR %)

Inside the battery, current flows from the positive terminal to
the negative terminal of the battery.

During charging, the potential difference between the two
terminals of the battery.

V=E+Ir =2+5x01=25V

Applying Kirchhoffs law KVL in loop AQBRC

qd_ ¢

————+100 O=>q 150 uC
6 Juf—
S;uF
1040
e L1LI i
2040 100V 100V
&[.\P 2uF

0" +fJ 4
l|I| =

14pF
W ST
=150
V= —=——=25F(F
c 6 Vyp)
Potential difference between BC
Vo= 10025 =75V
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